> HuLS-bentonite complex was prepared via polycondensation of humic precursors. > HuLS had more aliphatic character than HaLS that was a water-soluble fraction. > XRD patterns demonstrated the intercalation of HuLS into the bentonite. > The prepared HuLS-bentonite complex had a strong affinity to pentachlorophenol. > *Highlights (for review) 
Introduction

37
Pentachlorophenol (PCP) has been utilized in the past as a biocide in wood 
Materials and Methods
92
Materials
93
Catechol (purity >99.0 %) and glycine (purity 99 %) were purchased from Tokyo
94
Chemical Industry (Tokyo, Japan) and Nacalai Tesque (Kyoto, Japan), respectively. PCP
95
(purity 98 %) was purchased from Sigma-Aldrich (St. Louis, MO, USA). A powdered 96 bentonite sample was purchased from Nacalai Tesque. Ultrapure water, prepared using a
97
Millipore ultra-pure water system from distilled water, was used in all experiments.
99
Preparation of HuLS-bentonite complex
100
Two grams of the powdered bentonite were placed in a 300-mL Erlenmeyer flask, 
Separations of HaLS and HuLS
110
The HaLS was separated from the supernatant in the reaction mixture, as described in in an acidic solution of ultrapure water, concentrated HF and HCl (5 mL/5 mL/10 mL), 115 was allowed to shake for 8 hours at room temperature. This procedure was repeated 8 116 times with a fresh acid mixture being used each time. After the centrifugation, the 117 precipitate was deionized by dialysis (molecular weight cut-off of 500 Da) and the 118 slurry in the dialysis tube was freeze-dried to give a powdered sample of HuLS. behavior, respectively. In addition, the adsorption data were also analyzed assuming a 163 linear adsorption isotherm:
Analysis of samples
, which corresponds to K f at n = 1 in eq 1. (Fig. 1, •) As shown in Fig. 1 , the FT-IR spectrum for bentonite was similar to that for the indicating that the basal spacing for HuLS-bentonite complex is expanded compared to HuLS-bentonite complex can be attributed to the fact that HuLS is produced in the 217 interlayer via polycondensation reactions of catechol and glycine.
Results and Discussion
Chemical compositions of the HaLS and HuLS
218
The zeta potentials for bentonite and the HuLS-bentonite complex as a function of 219 pH are shown in Fig. 3 . In all pH range (2 -12), the surface potentials for bentonite and
220
HuLS-bentonite complex were negative, while the surface potential was increased when
221
HuLS was loaded at pH < 8. In particular, the zeta potential for the HuLS-bentonite 222 complex decreased with increasing pH. This is due to the dissociation of acidic 
226
The larger values for the negative surface potentials for bentonite can be due to its were neutral, and no influence of exchangeable cations in the bentonite layer was 230 observed (Table 3 ). The cation-exchange capacity and specific surface area were 231 decreased by loading HuLS into the bentonite (Table 3) . These results support a 232 scenario in which HuLS is intercalated into the interlayer of the bentonite.
233
Phenolic hydroxyl group protons in PCP can dissociate and the pK a value for such a 234 compound is known to be 4.75 at 25ºC. Based on this, species distribution curves for the and HuLS-bentonite complex, both of which have anionic surfaces because of electrostatic repulsion. However, the zeta potentials at pH 4.5 -7 for the 241 HuLS-bentonite complex were larger than those for the bentonite, as shown in Fig. 3 .
242
Thus, a higher adsorption of PCP to the HuLS-bentonite complex would be expected regression analyses of the data set (C e and q s ) to eq 1 (Table 4) . However, the On the other hand, the K d values decreased with increasing pH ( increasing pH (Fig. 3) . In particular, it was not possible to determine the K d value for 266 bentonite at pH 6.5, because all of the PCP was concentrated in the aqueous solutions 267 (Fig. 4) and were similar to those initially added. The adsorption of PCP to soils is also 268 dependent on the solution pH, in which non-ionized PCP has a higher affinity for soils 269 than at a pH below its pK a value (4.75), i.e., the anionic species, PCP -(Paolis and The n value can be regarded as an index of site energy distribution on the adsorbent,
276
where the smaller the n, the more heterogeneous are the adsorption sites (Wen et al., than that for the HuLS-bentonite (247). These results support the conclusion that HuLS,
297
when it is intercalated into bentonite layers, has the potential for removing PCP from 298 aqueous solutions in the pH range of 4.5 -6.5. concentrations and toxicity stress of some xenobiotics on aquatic organisms.
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